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Abstract
Introduction: Progestogens are widely used for the conservative treatment of endo‐
metrial hyperplasia and early endometrial cancer. Nevertheless, they do not achieve 
the regression in all cases. Although several immunohistochemical markers have 
been assessed to predict the response to treatment, their usefulness is still unclear. 
We aimed to analyze the usefulness of each immunohistochemical marker studied in 
predicting the response to progestogens in endometrial hyperplasia and early endo‐
metrial cancer.
Material and methods: Electronic databases were searched for relevant articles from 
January 2000 to June 2018. All studies assessing the association of immunohisto‐
chemical markers with the outcome of the progestogen‐based therapy in endome‐
trial hyperplasia and early endometrial cancer were included. The expression of 
immunohistochemical markers in pretreatment phase and changes of expression dur‐
ing the follow‐up were evaluated in relation to response to therapy and relapse.
Results: Twenty‐seven studies with 1360 women were included in the systematic 
review; 43 immunohistochemical markers were assessed. The most studied predic‐
tive markers in the pretreatment phase were progesterone and estrogen receptors, 
although with conflicting results; their isoforms, and in particular progesterone re‐
ceptor B, appeared more promising. Further studies are needed to confirm the use‐
fulness of mismatch repair proteins, Dusp6, GRP78 and PTEN combined with other 
molecules such as phospho‐AKT or phospho‐mTOR. In the follow‐up phase, Nrf2 and 
survivin showed the stronger evidence; a role may also be played by Bcl2 and Ki67. 
Further studies are necessary for Fas, NCoR, AKR1C1, HE4, PAX2 and SPAG9.
Conclusions: Several immunohistochemical markers might be helpful in predicting 
the response to conservative treatment of endometrial hyperplasia and early endo‐
metrial cancer on pretreatment and follow‐up specimens. Further studies are needed 
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1  | INTRODUC TION
Endometrial hyperplasia (EH) is an irregular proliferation of endo‐
metrial glands with increased gland to stroma ratio when compared 
with proliferative endometrium.1 EH is the precursor of endometri‐
oid endometrial adenocarcinoma, the most common histotype of the 
most prevalent gynecological cancer in the developed world.2‐4
Endometrial hyperplasia may be a polyclonal proliferative lesion 
or a monoclonal precancerous lesion, differentiated on the basis of 
cytologic atypia by 2014 World Health Organization classification.1,5,6
Although the gold standard treatment for precancerous EH 
and endometrial cancer is hysterectomy, many patients need con‐
servative treatment to preserve fertility or to avoid surgery at high 
risk. Conservative treatment consists of progestins and follow‐up 
biopsies every 3‐6 months.6,7 Eligibility criteria for conservative 
treatment may also be extended to early endometrial cancer (EEC), 
ie, endometrial cancer with endometrioid type, tumor grade 1, ab‐
sence of lymphovascular space, myometrial or cervical invasion 
and absence of extrauterine metastases.8 Although several pro‐
gestogens have been used for conservative treatment (megestrol 
acetate, medroxyprogesterone acetate, norethindrone acetate 
and levonorgestrel), levonorgestrel‐releasing intrauterine system 
(LNG‐IUS) seems to be the most effective one.6,9 However, a con‐
siderable percentage of patients does not respond to conserva‐
tive treatment, or show relapse after a remission, with the risk of 
progression to invasive disease.10 For this reason, in the last years 
there has been a growing interest in the study of clinical, imaging, 
histological and molecular factors that may influence the outcome 
of therapy.11‐13 Immunohistochemistry—which is the most used 
tool in the assessment of tissue markers for the diagnosis, progno‐
sis and therapy of a great number of diseases14 has played a major 
role in this field. Although a great number of immunohistochemical 
markers have been assessed, their usefulness is still unclear.
Thus, our aim was to systematically review the available liter‐
ature regarding the usefulness of immunohistochemical markers in 
predicting the outcome of conservative therapy in EH and EEC.
2  | MATERIAL AND METHODS
This study was performed according to a protocol recommended for 
systematic review. The review protocol was designed a priori, defin‐
ing methods for collecting, extracting and analyzing data. All review 
stages were conducted independently by two reviewers (A.R., A.T.). 
The two authors independently assessed electronic search, eligibil‐
ity of the studies, inclusion criteria, risk of bias, data extraction and 
data analysis. Disagreements were resolved by discussion with a 
third reviewer (G.S.).
The study was reported according to the Preferred Reporting 
Item for Systematic Reviews and Meta‐analyses (PRISMA) statement.
The research was conducted using MEDLINE, Embase, Web of 
Sciences, Scopus, ClinicalTrial.gov, OVID and Cochrane Library as elec‐
tronic databases. The studies were identified with the use of a combi‐
nation of the following text words from January 2000 to June 2018: 
endometrial hyperplasia; endometrial cancer; endometrioid adenocar‐
cinoma; endometrial intraepithelial neoplasia; EIN; therapy; treatment; 
fertility sparing; conservative; medroxyprogesterone; MPA; mirena; 
LNG; levonorgestrel; progesterone; progestogen; progestin; response; 
resistance; persistence; relapse; recurrence; progression; outcome; 
immunohistochemistry; immunohistochemical. Review of articles also 
included the abstracts of all references retrieved from the search.
We included in our systematic review all randomized and non‐
randomized studies that satisfied the following inclusion criteria:
• study population constituted of women diagnosed with EH or 
EEC and conservatively treated with progestogens;
• assessment of the expression of one or more immunohistochem‐
ical markers on endometrial biopsies or curettages in pretreat‐
ment and/or follow‐up phase;
• assessment of the association between expression of immunohis‐
tochemical markers and outcome of therapy.
The risk of bias was assessed via the Methodological Index for Non‐
Randomized Studies (MINORS). Seven domains related to risk of bias 
were assessed in each study: (1) aim (ie, clearly stated aim), (2) rate (ie, 
to confirm their usefulness and possibly integrate them in a predictive immunohisto‐
chemical panel.
K E Y W O R D S
endometrioid adenocarcinoma, endometrial cancer, endometrial hyperplasia, endometrial 
intraepithelial neoplasia, immunohistochemical marker, progestin, Progestogens
Key message
The most useful markers of response to conservative 
treatment of endometrial hyperplasia and cancer may be 
progesterone receptor and estrogen receptor isoforms in 
the pretreatment phase and Nrf2, survivin, Bcl2 and Ki67 
on follow up. Further studies are needed for several other 
promising markers.
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inclusion of consecutive patients and response rate), (3) data (ie, pro‐
spective collection of data), (4) bias (ie, unbiased assessment of study 
endpoints), (5) time (ie, follow‐up time appropriate), (6) loss (ie, loss to 
follow up), (7) size (ie, calculation of the study size). Review authors’ judg‐
ments were categorized as “low risk” , “high risk” or “unclear risk of bias” .
Data were extracted from the included studies without modi‐
fications. The main data extracted for our systematic review were:
• the immunohistochemical expression of the predictive markers, 
evaluated as “absent”, “low” or “high”; and
• the outcome of conservative treatment, dichotomized into “good 
response” vs “poor response” and/or “relapse” vs “no relapse”.
The association between marker expression and therapy outcome 
was assessed separately in the pretreatment phase and follow‐up phase.
Secondary data was extracted regarding patient age and body 
mass index, pathological diagnosis, progestogen type and adminis‐
tration route, and treatment duration.
3  | RESULTS
Twenty‐seven studies,15‐41 with a total of 1360 patients and 43 im‐
munohistochemical markers assessed, were included in this system‐
atic review (Figure 1): 20 studies were retrospective and seven were 
prospective.
Results of bias assessment are shown in Figure 2.
The age of the patients ranged between 19 and 79 years. The 
body mass index ranged between 17 and 72 kg/m2. The sample size 
ranged from 7 to 174 and included 629 EH without atypia (in 11 stud‐
ies), 422 atypical EH (in 20), 140 unspecified EH (in 3), and 204 EEC 
(in 14).
The most used progestogen was medroxyprogesterone acetate 
(in 23 studies), followed by LNG‐IUS (in 14), megestrol acetate (in 8), 
norethindrone acetate (in 5) and progesterone (in 2). In 6 studies, 
multi‐progestogen treatments were administered. The duration of 
treatment ranged from 1 week to 90 months. Details about samples 
and treatment are shown in Table 1.
F I G U R E  1   Flow diagram of studies 
identified in the systematic review (Prisma 
template [Preferred Reporting Item for 
Systematic Reviews and Meta‐analyses])
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The histological definition of “good response” variably included: 
complete regression of disease,16,20‐22,28,29,33,35,36,40 progestogen‐
related effects,17,18,24,25,30,37‐40 atypia disappearance,15,23,31,41 can‐
cer disappearance,26 complexity disappearance,27 no progression,34 
avoided hysterectomy.19 Four studies considered the outcome “re‐
lapse” vs “no relapse”.28,31,37,40
Nineteen studies assessed pretreatment expression of the 
markers, and 19 studies assessed post‐treatment expression and/or 
changes of expression during follow up.
Details about outcomes considered, markers assessed with full 
names and associations found are reported in Table 2.
With specific regard to pretreatment assessment, 19 studies as‐
sessed a total of 31 markers on pretreatment biopsy. They searched 
for predictive markers of response to therapy (in 18 studies) and/or 
relapse of disease (in three studies).
Progesterone receptor (PR) or its isoforms (PRA and PRB), and 
estrogen receptor (ER) or its isoforms (ERα and ERβ) were assessed 
in 12 studies.
A significant association with good response was found for 
a high expression of PR,15,20,28 PRA,25 PRB,25,27 ER28 and ERα.25 
Nevertheless, other studies did not find significant associations for 
PR,23,26,29,31,34 PRA,18,27 PRB,18 ER,15,23,26,29,31,34 ERα18,20 or ERβ.18 A 
significant association with relapse was shown for low stromal PRA 
and high glandular PRB expression,40 but not for ER, PR,28 ERα, ERβ.40
Phosphatase and tensin homolog (PTEN) was assessed in 6 
studies. Loss of PTEN predicted poor response only if combined 
with low phospho‐AKT expression,19 but it was never significant 
alone20,21,25,27,35 and did not predict relapse.40
Regarding mismatch repair proteins (MMR), an abnormal MMR 
pattern (including MLH1, MSH2, MSH6, PMS2) strongly predicted 
poor response.41 MLH1 alone was not significant.28
Forest plots reporting relative risk of poor response for PR, ER, 
PTEN and MMR are shown in Figure 3.
Furthermore, high expression of dual‐specific phosphatase 6 (Dusp6) 
was predictive of good response,32 whereas high expression of glucose‐
regulated protein 78 (GRP78) was predictive of poor response.33
High expression of 17 β‐hydroxysteroid dehydrogenase type 2 
(17β‐HSD2) was found predictive of good response.15
No association with the outcome was found for 17β‐HSD1,15 B‐
cell lymphoma 2 (Bcl2),17,27,28,40 Bcl‐2‐associated X protein (BAX),17,40 
androgen receptor,18 tumor protein p53,19 insulin‐like growth factor 
1 receptor (IGF1R),20 antigen Ki67 (Ki67),15,20,23,26,31 p27,21 phos‐
pho‐mammalian Target of rapamycin (phospho‐mTOR),21 steroid 
receptor coactivator‐1 (SRC1),23 p300/CREB‐binding protein (p300/
CBP),23 nuclear receptor co‐repressor (NCoR),23 silencing mediator 
for retinoid and thyroid‐hormone receptors (SMRT),23 aromatase,25 
F I G U R E  2   Assessment of risk of bias. Summary of risk of bias 
for each study; Plus sign: low risk of bias; minus sign: high risk of 
bias; question mark: unclear risk of bias [Color figure can be viewed 
at wileyonlinelibrary.com]
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paired box gene 2 (PAX2),27,40 cyclooxygenase‐2 (COX2),28 forkhead 
box protein O1 (FOXO1)34 or β‐catenin.35
With specific regard to post‐treatment and changes assessment, 
19 studies assessed 30 immunohistochemical markers on post‐treat‐
ment biopsy and/or their changes during follow up.
PR, ER or their isoforms were assessed in seven studies. Both 
receptors showed a down‐regulation in good responders and a sta‐
ble expression in poor responders,18,34 although five studies did not 
report any significant associations.23,24,26,29,31
Good responders showed increased expression of fas cell sur‐
face death receptor (Fas),16 NCoR,23 stromal Bcl224 and Dusp6,32 
and decreased expression of glandular Bcl2,17,24 survivin,22 Ki67,23 
Human epididymis protein 4 (HE4)37 and sperm‐associated antigen 
9 (SPAG9).38
On the other hand, poor responders showed increased ex‐
pression of GRP78,33 nuclear factor erythroid 2‐related factor 2 
(Nrf2),36,39 aldo‐keto reductase family 1 member c1 (AKR1C1)36 
and surviving39 and loss of PAX2,30 loss of PTEN alone30 and loss of 
PTEN combined with high phospho‐mTOR.21
An increased Ki67 expression31 and an increase in size of HE4‐
positive agglomerates37 were the only two changes associated with 
relapse.
BAX,17 p27,21 SRC1,23 p300/CPB,23 SMRT,23 caspase‐3,24 metal‐
lothionein (MT),24 single‐stranded DNA26 and FOXO134 were not 
associated with outcome.
Details about the results are reported for each marker in Table 3.
4  | DISCUSSION
The search for predictive markers on pretreatment biopsy has 
the interesting aim to identify preventively the responders to the 
conservative treatment, avoiding the risk of disease progression 
linked to an ineffective therapy. In spite of the great number of 
markers assessed, significant associations were found for only few 
of them.
As expected, PR and ER were the most studied markers, since 
progestogens mediate their effects through PR, and an imbalance 
between progesterone and estrogens is involved in the pathogenesis 
of EH.2 Although the results regarding PR and ER appeared variable, 
high expression of these receptors was predictive of good response 
in several studies.25,28 In our previous study, we focused on ER and 
PR in the pretreatment phase. We found that they had significant 
predictive value only in women treated with LNG‐IUS.42 Such re‐
sults might be due to the higher local action of progestogens pro‐
vided by the intrauterine device. However, their predictive accuracy 
seemed to be insufficient for an actual clinical usefulness, although 
further studies are necessary to confirm these results. Moreover, it 
was impossible to analyze the predictive values of ER and PR iso‐
forms. In the current study, PRB appeared to be the most promising 
isoform.25,27
Losses of PTEN and MMR have a recognized role in endometrial 
carcinogenesis.2 As specifically discussed in our previous study, a Y
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loss of PTEN was never found to be significant alone.43 It was predic‐
tive of poor response when combined with low expression of phos‐
pho‐AKT, which is involved in the same pathway.19 These results, in 
agreement with those regarding follow up and reported below, sug‐
gest that PTEN may have a predictive value when assessed in combi‐
nation with other molecules of the same pathway. Regarding MMR, 
in a recent study, a loss of expression was associated with poor re‐
sponse in all cases.41 This is a considerable result, though it is limited 
by the small number of patients with abnormal MMR pattern within 
the sample (only 6 of the 84 patients included showed loss of MMR).
Although Dusp6 enhances the growth‐promoting effect of es‐
trogens, its high expression was significantly predictive of good re‐
sponse.32 High expression of GRP78, a key marker of endoplasmic 
reticulum stress, predicted poor response instead.33 The enzyme 
17β‐HSD2, which catalyses the reversible interconversion of es‐
trone and 17β‐estradiol, predicted good response when highly ex‐
pressed.15 Despite the significant results found for Dusp6, GRP78 
and 17β‐HSD2, each of them was assessed in only one study 
(n = 27,32 n = 6133 and n = 1615 respectively), thus, their usefulness 
needs to be confirmed by further studies.
F I G U R E  3   Relative risk of poor response for progesterone receptor (PR, pretreatment), estrogen receptor (ER, pretreatment), 
phosphatase and tensin homolog (PTEN, pretreatment) alone or combined with low phospho‐AKT (2007 Minaguchi, pretreatment) 
or high phospho‐mTOR (2008 Milam, follow up), and mismatch repair proteins (MMR, pretreatment) [Color figure can be viewed at 
wileyonlinelibrary.com]
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Overall, given the possibility that several mechanisms may sup‐
port the resistance to progestogens, we think that it may be more 
appropriate to search for a predictive immunohistochemical panel 
rather than a single predictive marker.
On the other hand, the assessment of post‐treatment markers 
and their changes during follow up have the aim to evaluate the ef‐
ficacy of therapy and to investigate the mechanisms of action and 
resistance. In this regard, the prediction of the individual response 
in an early phase of therapy may allow the timing of follow up to be 
adapted and, if necessary, changing the treatment.
The significant markers found in pretreatment assessment still 
appeared relevant on follow up. In fact, in some studies PR and ER 
showed a down‐regulation in good responders18,34; loss of PTEN 
combined with high expression of phospho‐mTOR (both involved in 
the same pathway) appeared predictive of poor response21; high and 
increasing expressions of Dusp6 and GRP78 were still associated 
with good and poor response, respectively.32,33 Regarding MMR, 
since their loss characterized hyperplasias that persisted on follow 
up, they still may be significant in this phase, although any changes 
in them were not assessed.41
Among the markers of good response, Fas and nuclear receptor 
co‐repressor (NCoR) appeared to contribute to the growth suppres‐
sion mediated by progestogens.10,23
Among the markers of poor response, survivin, Nrf2 and AKR1C1 
appeared involved in the same pathway supporting the resistance to 
progestogens,22,36,39 whereas HE4 and SPAG9 were found to pro‐
mote tumor growth.37,38 They were proposed as potential targets for 
new therapies in progestogen‐resistant cases.
A decrease of the proliferation marker Ki6723,31 and of the 
anti‐apoptotic protein Bcl‐217,24 appeared to be consequent on a 
successful treatment, consistently with the pro‐apoptotic effect of 
progesterone. Similarly, good responders showed a disappearance 
of glands negative for the oncogenic protein PAX2.30
Although the markers of good response may provide new ele‐
ments on the mechanism of action of progestogens, their potential 
role as predictive markers may be limited by the fact they were de‐
tected in most cases in normal endometrial glands, after a total re‐
gression of disease. Thus, they may not be informative about the 
responsiveness of pathologic glands. On the other hand, the markers 
of poor response were assessed in persistent EH and EEC, and their 
results may therefore be more relevant in this field.
While assessing these results, it should be considered that they 
actually consider two different pathologic conditions. In fact, most 
EH without atypia are benign proliferations due to an unopposed 
action of estrogens, whereas atypical EH and EEC are neoplastic le‐
sions characterized by specific underlying mutations.1,44 It might be 
expected that progestogens are more effective in functional con‐
dition such as benign EH, rather than in premalignant EH or EEC. 
Mechanisms of resistance may differ in these two conditions, as 
well as the association of immunohistochemical markers with the re‐
sponse. Some markers are typically altered in premalignant EH/EEC 
but not in benign EH.45‐48 In our review, most studies assessed EH 
without atypia vs atypical EH and/or EEC (Table 1), which may create 
a bias in the results. Therefore, results about PR, 17β‐HSD2, MMR, 
PTEN, Dusp6, GRP78, Nrf2 and survivin may be more significant, 
since they were assessed in populations constituted exclusively of 
neoplastic lesions (atypical EH and EEC).
Our review assessed the role of immunohistochemical markers in 
predicting the outcome of the conservative therapy of EH and EEC. 
To the best of our knowledge, no similar review or meta‐analysis on 
the topic is present in the literature.
Our study tried to provide a complete, clear and accurate over‐
view of all the available results in this field. Our aim was to help 
future researchers in directing their efforts towards the more prom‐
ising markers.
On the other hand, the inhomogeneity displayed by the reviewed 
studies also represents an important limitation of our results.
First of all, the sample size was exiguous in several studies, in 
two cases not even reaching 10.20,26 The study populations included 
patients highly variable as to age and body mass index (Table 1). 
This may be a confounding factor, since post‐menopause and obe‐
sity were proposed as factors negatively influencing the therapy 
response.49,50 Nevertheless, in a meta‐analysis published on 2014, 
they did not significantly influence the outcome.12
In 11 of the 26 reviewed studies, the sample included EH with‐
out atypia together with atypical EH and/or EEC. Moreover, in three 
articles the type of EH is not specified (Table 1). As discussed above, 
atypical EH and EEC should be considered separately from EH with‐
out atypia, given the benign nature of the latter.
In most studies, different progestogens were administered with 
variable treatment duration (Table 1). This may represent important 
confounding factors, since regression rates vary among different 
treatments. LNG‐IUS appears to be the most effective treatment9,51,52 
and it seems to perform even better if combined with hysteroscopic 
resection.53 The treatment duration and the recommended follow up 
for outcome evaluation should be at least of 6 months.6
The different histological definition of response and the differ‐
ent methods used to grade the expression of the markers may be 
other important confounding factors.
Given these observations, we consider that further studies on 
this field may achieve more significant results if they include only 
patients treated with LNG‐IUS and consider EH without atypia 
(benign) and atypical EH (premalignant) separately, searching for 
a prognostic immunohistochemical panel rather than a single sig‐
nificant marker.
5  | CONCLUSION
PR and ER were the most studied predictive markers in both pre‐
treatment and follow‐up phase, showing conflicting results. The 
study of PR and ER isoforms may lead to better results; PRB ap‐
peared as the most promising. MMR, Dusp6, GRP78 and PTEN 
combined with phospho‐AKT or phospho‐mTOR showed significant 
results but were evaluated in only one study each; thus, further 
studies are needed to define their accuracy.
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Nrf2 and survivin were the most significant markers in premalig‐
nant EH and in the follow‐up phase. Despite being unspecific, Bcl2 
and Ki67 may also reasonably play a role. Further studies are neces‐
sary for Fas, NCoR, AKR1C1, HE4, PAX2 and SPAG9, since they were 
only assessed in one study each.
Hopefully, a predictive panel of immunohistochemical markers 
will be elaborated in the future.
CONFLIC T OF INTERE S T
The authors have stated explicitly that there are no conflicts of inter‐
est in connection with this article.
ORCID
Antonio Travaglino  https://orcid.org/0000‐0003‐4002‐1618 
Antonio Raffone  https://orcid.org/0000‐0001‐5443‐2333 
Gabriele Saccone  https://orcid.org/0000‐0003‐0078‐2113 
R E FE R E N C E S
 1. Kurman RJ, Carcangiu ML, Herrington CS, Young RH, eds. WHO 
Classification of Tumours of Female Reproductive Organs. 4th ed., 
Lyon: IARC; 2014.
 2. Sherman ME. Theories of endometrial carcinogenesis: a multidisci‐
plinary approach. Mod Pathol. 2000;13:295‐308.
 3. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and 
mortality worldwide: sources, methods and major patterns in 
GLOBOCAN 2012. Int J Cancer. 2015;136:E359‐E386.
 4. Reed SD, Newton KM, Clinton WL, et al. Incidence of endometrial 
hyperplasia. Am J Obstet Gynecol. 2009;200:678.e1‐e6.
 5. Lacey JV Jr, Sherman ME, Rush BB, et al. Absolute risk of endome‐
trial carcinoma during 20‐year follow‐up among women with endo‐
metrial hyperplasia. J Clin Oncol. 2010;28:788‐792.
 6. The Royal College of Obstetricians and Gynaecologists (RCOG) 
and the British Society for Gynaecological Endoscopy (BSGE). 
Management of Endometrial Hyperplasia Green‐top Guideline No. 
67 RCOG/BSGE Joint Guideline. 2016.
 7. Chandra V, Kim JJ, Benbrook DM, Dwivedi A, Rai R. Therapeutic 
options for management of endometrial hyperplasia. J Gynecol 
Oncol. 2016;27:e8.
 8. Colombo N, Creutzberg C, Amant F, et al. ESMO‐ESGO‐ESTRO 
Consensus Conference on Endometrial Cancer: diagnosis, treat‐
ment and follow‐up. Ann Oncol. 2016;27(1):16‐41.
 9. Yuk JS, Song JY, Lee JH, Park WI, Ahn HS, Kim HJ. Levonorgestrel‐
releasing intrauterine systems versus oral cyclic medroxyproges‐
terone acetate in endometrial hyperplasia therapy: a meta‐analysis. 
Ann Surg Oncol. 2017;24:1322‐1329.
 10. Gallos ID, Yap J, Rajkhowa M, Luesley DM, Coomarasamy A, Gupta 
JK. Regression, relapse, and live birth rates with fertility‐spar‐
ing therapy for endometrial cancer and atypical complex endome‐
trial hyperplasia: a systematic review and metaanalysis. Am J Obstet 
Gynecol. 2012;207(4):266.e1‐266.e12.
 11. Koskas M, Uzan J, Luton D, Rouzier R, Darai E. Prognostic factors of 
oncologic and reproductive outcomes in fertility‐sparing manage‐
ment of endometrial atypical hyperplasia and adenocarcinoma: sys‐
tematic review and meta‐analysis. Fertil Steril. 2014;101:785‐794.
 12. Sato M, Arimoto T, Kawana K, et al. Measurement of endometrial 
thickness by transvaginal ultrasonography to predict pathological 
response to medroxyprogesterone acetate in patients with grade 1 
endometrioid adenocarcinoma. Mol Clin Oncol. 2016;4:492‐496.
 13. Penner KR, Dorigo O, Aoyama C, et al. Predictors of resolution of 
complex atypical hyperplasia or grade 1 endometrial adenocarci‐
noma in premenopausal women treated with progestin therapy. 
Gynecol Oncol. 2012;124:542‐548.
 14. Duraiyan J, Govindarajan R, Kaliyappan K, Palanisamy M. 
Applications of immunohistochemistry. J Pharm Bioallied Sci. 
2012;4:S307‐S309.
 15. Utsunomiya H, Suzuki T, Ito K, et al. The correlation between the 
response to progestogen treatment and the expression of pro‐
gesterone receptor B and 17beta‐hydroxysteroid dehydrogenase 
type 2 in human endometrial carcinoma. Clin Endocrinol (Oxf). 
2003;58(6):696‐703.
 16. Wang S, Pudney J, Song J, Mor G, Schwartz PE, Zhen W. Mechanisms 
involved in the evolution of progestin resistance in human endome‐
trial hyperplasia—precursor of endometrial cancer. Gynecol Oncol. 
2003;88:108‐117.
 17. Vereide AB, Kaino T, Sager G, Orbo A. Bcl‐2, BAX, and apoptosis 
in endometrial hyperplasia after high dose gestagen therapy: a 
comparison of responses in patients treated with intrauterine le‐
vonorgestrel and systemic medroxyprogesterone. Gynecol Oncol. 
2005;97:740‐750.
 18. Vereide AB, Kaino T, Sager G, Arnes M, Orbo A. Effect of levonorge‐
strel IUD and oral medroxyprogesterone acetate on glandular and 
stromal progesterone receptors (PRA and PRB), and estrogen re‐
ceptors (ER‐α and ER‐β) in human endometrial hyperplasia. Gynecol 
Oncol. 2006;101:214‐223.
 19. Minaguchi T, Nakagawa S, Takazawa Y, et al. Combined phospho‐
Akt and PTEN expressions associated with post‐treatment hyster‐
ectomy after conservative progestin therapy in complex atypical 
hyperplasia and stage Ia, G1 adenocarcinoma of the endometrium. 
Cancer Lett. 2007;248:112‐122.
 20. Yamazawa K, Hirai M, Fujito A, et al. Fertility‐preserving treat‐
ment with progestin, and pathological criteria to predict re‐
sponses, in young women with endometrial cancer. Hum Reprod. 
2007;22:1953‐1958.
 21. Milam MR, Soliman PT, Chung LH, et al. Loss of phosphatase and 
tensin homologue deleted on chromosome 10 and phosphoryla‐
tion of mammalian target of rapamycin are associated with pro‐
gesterone refractory endometrial hyperplasia. Int J Gynecol Cancer. 
2008;8:146‐151.
 22. Chen X, Zhang Z, Feng Y, et al. Aberrant survivin expression in en‐
dometrial hyperplasia: another mechanism of progestin resistance. 
Mod Pathol. 2009;22:699‐708.
 23. Kashima H, Horiuchi A, Uchikawa J, et al. Up‐regulation of Nuclear 
Receptor Corepressor (NCoR) in progestin‐induced growth sup‐
pression of endometrial hyperplasia and carcinoma. Anticancer Res. 
2009;29:1023‐1030.
 24. Orbo A, Arnes M, Pettersen I, Larsen K, Hanssen K, Moe B. 
Down‐regulated progesterone receptor A and B coinciding with 
successful treatment of endometrial hyperplasia by the levonorge‐
strel impregnated intrauterine system. Acta Obstet Gynecol Scand. 
2010;89:1438‐1446.
 25. Akesson E, Gallos ID, Ganesan R, Varma R, Gupta JK. Prognostic 
significance of estrogen and progesterone receptor expres‐
sion in LNG‐IUS (Mirena®) treatment of endometrial hyperpla‐
sia: an immunohistochemical study. Acta Obstet Gynecol Scand. 
2010;89:393‐398.
 26. Kamoi S, Ohaki Y, Mori O, Yamada T, Fukunaga M, Takeshita T. 
Determining best potential predictor during high‐dose proges‐
tin therapy for early stage and well‐differentiated endome‐
trial adenocarcinoma using semiquantitative analysis based on 
image processing and immunohistochemistry. J Nippon Med Sch. 
2011;78:84‐95.
     |  1099TRAVAGLINO eT AL.
 27. Upson K, Kimberley H, Reed SD, et al. Biomarkers of progestin 
therapy resistance and endometrial hyperplasia progression. Am J 
Obstet Gynecol. 2012;207:36.e1‐36.e8.
 28. Gallos ID, Devey J, Ganesan R, Gupta JK. Predictive ability of es‐
trogen receptor (ER), progesterone receptor (PR), COX‐2, Mlh1, and 
Bcl‐2 expressions for regression and relapse of endometrial hyper‐
plasia treated with LNG‐IUS: A prospective cohort study. Gynecol 
Oncol. 2013;130:58‐63.
 29. Gunderson CC, Dutta S, Fader AN, et al. Pathologic features asso‐
ciated with resolution of complex atypical hyperplasia and grade 
1 endometrial adenocarcinoma after progestin therapy. Gynecol 
Oncol. 2014;132:33‐37.
 30. Orbo A, Arnes M, Lysa LM, Straume B. Expression of PAX2 and 
PTEN associates to therapy response in endometrial hyperplasia. 
Anticancer Res. 2015;35:6401‐6409.
 31. Yang YF, Liao YY, Liu XL, Su SG, Li LZ, Peng NF. Prognostic factors 
of regression and relapse of complex atypical hyperplasia and well‐
differentiated endometrioid carcinoma with conservative treat‐
ment. Gynecol Oncol. 2015;139:419‐423.
 32. Zhang H, Yan L, Bai Y, et al. Dual‐specificity phosphatase 6 predicts 
the sensitivity of progestin therapy for atypical endometrial hyper‐
plasia. Gynecol Oncol. 2015;136:549‐553.
 33. Tierney KE, Ji L, Dralla SS, et al. Endoplasmic reticulum stress in 
complex atypical hyperplasia as a possible predictor of occult carci‐
noma and progestin response. Gynecol Oncol. 2016;143:650‐654.
 34. Reyes HD, Carlson MJ, Devor EJ, et al. Downregulation of FOXO1 
mRNA levels predicts treatment failure in patients with endome‐
trial pathology conservatively managed with progestin‐containing 
intrauterine devices. Gynecol Oncol. 2016;140:152‐160.
 35. van Gent MD, Nicolae‐Cristea AR, de Kroon CD, et al. Exploring 
morphologic and molecular aspects of endometrial cancer under 
progesterone treatment in the context of fertility preservation. Int 
J Gynaecol Cancer. 2016;26:483‐490.
 36. Wang Y, Wang Y, Zhang Z, et al. Mechanism of progestin resistance 
in endometrial precancer/cancer through Nrf2‐AKR1C1 pathway. 
Oncotarget. 2016;7:10363‐10372.
 37. Orbo A, Arnes M, Lysa LM, Borgfeldt C, Straume B. HE4 is a novel 
tissue marker for therapy response and progestin resistance 
in medium‐ and low‐risk endometrial hyperplasia. Br J Cancer. 
2016;115:725‐730.
 38. Li C, Bai Y, Yan L, et al. SPAG9 may be a potential prognostic 
marker of endometrial hyperplasia and grade 1 endometrioid 
adenocarcinoma treated with progestin. Gynecol Obstet Invest. 
2016;81:267‐274.
 39. Fan R, Wang Y, Wang Y, Wei L, Zheng W. Mechanism of progestin 
resistance in endometrial precancer/cancer through Nrf2‐survivin 
pathway. Am J Transl Res. 2017;9:1483‐1491.
 40. Slettenn ET, Arnes M, Lysa LM, Moe BT, Straume B, Orbo A. 
Prediction of relapse after therapy withdrawal in women with en‐
dometrial hyperplasia: a long‐term follow‐up study. Anticancer Res. 
2017;37:2529‐2536.
 41. Zakhour M, Cohen JG, Gibson A, et al. Abnormal mismatch repair 
and other clinicopathologic predictors of poor response to proges‐
tin treatment in young women with endometrial complex atypical 
hyperplasia and well‐differentiated endometrial adenocarcinoma: a 
consecutive case series. BJOG. 2017;124:1576‐1583.
 42. Raffone A, Travaglino A, Saccone G, et al. Should progesterone 
and estrogens receptors be assessed for predicting the response 
to conservative treatment of endometrial hyperplasia and cancer? 
A systematic review and meta‐analysis. Acta Obstet Gynecol Scand. 
2019; doi: 10.1111/aogs.13586
 43. Travaglino A, Raffone A, Saccone G, et al. PTEN as a predictive 
marker of response to conservative treatment in endometrial hy‐
perplasia and early endometrial cancer. A systematic review and 
meta‐analysis. Eur J Obstet Gynecol Reprod Biol. 2018;231:104‐110.
 44. Travaglino A, Raffone A, Saccone G, et al. Endometrial hyperplasia 
and risk of coexistent cancer: WHO vs EIN criteria. Histopathology. 
2018; https://doi.org/10.1111/his.13776. [Epub ahead of print]
 45. Sanderson PA, Critchley HO, Williams AR, Arends MJ, Saunders PT. 
New concepts for an old problem: the diagnosis of endometrial hy‐
perplasia. Hum Reprod Update. 2017;23(2):232‐254.
 46. Travaglino A, Raffone A, Saccone G, et al. Loss of Bcl‐2 immuno‐
histochemical expression in endometrial hyperplasia: a specific 
marker of precancer and novel indication for treatment. A sys‐
tematic review and meta‐analysis. Acta Obstet Gynecol Scand. 
2018;97(12):1415‐1426.
 47. Raffone A, Travaglino A, Saccone G, et al. PAX2 in endometrial car‐
cinogenesis and in differential diagnosis of endometrial hyperplasia. 
A systematic review and meta‐analysis of diagnostic accuracy. Acta 
Obstet Gynecol Scand. 2019;98:287‐299.
 48. Raffone A, Travaglino A, Saccone G, et al. Loss of PTEN expression 
as diagnostic marker of endometrial precancer: A systematic review 
and meta‐analysis. Acta Obstet Gynecol Scand. 2019;98:275‐286.
 49. Brownfoot FC, Hickey M, Ang WC, Arora V, McNally O. Complex 
atypical hyperplasia of the endometrium: differences in outcome 
following conservative management of pre‐ and postmenopausal 
women. Reprod Sci. 2014;21:1244‐1248.
 50. Gallos ID, Ganesan R, Gupta JK. Prediction of regression and re‐
lapse of endometrial hyperplasia with conservative therapy. Obstet 
Gynecol. 2013;121:1165‐1171.
 51. Gallos ID, Shehmar M, Thangaratinam S, Papapostolou TK, 
Coomarasamy A, Gupta JK. Oral progestogens vs levonorgestrel‐
releasing intrauterine system for endometrial hyperplasia: a system‐
atic review and metaanalysis. Am J Obstet Gynecol. 2010;203:547.e.
1‐547.e.10.
 52. Hashim HA, Ghaytay E, El Rakhawy M. Levonorgestrel‐releasing 
intrauterine system vs oral progestins for non‐atypical endome‐
trial hyperplasia: a systematic review and metaanalysis of random‐
ized trials. Am J Obstet Gynecol. 2015;213:469‐478.
 53. Giampaolino P, Di Spiezio Sardo A, Mollo A, et al. Hysteroscopic 
endometrial focal resection followed by levonorgestrel intrauterine 
device insertion as a fertility‐sparing treatment of atypical endo‐
metrial hyperplasia and early endometrial cancer: a retrospective 
study. J Minim Invasive Gynecol. 2018; pii: S1553‐4650(18)30347‐9.
How to cite this article: Travaglino A, Raffone A, Saccone G, 
et al. Immunohistochemical predictive markers of response to 
conservative treatment of endometrial hyperplasia and early 
endometrial cancer: A systematic review. Acta Obstet Gynecol 
Scand. 2019;98:1086‐1099. https://doi.org/10.1111/
aogs.13587
